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Abstract 
In the recent years, the frequency of motorcycle collision in Indonesia, especially in Surabaya, is constantly increasing. This article 
will explain the use of the Generalized Additive Models (GAMs) to estimate motorcycle collision on collector roads in Surabaya. 
This study uses GAMs with Gaussian distribution and logarithmic link function, as well as application of software R in data 
processing. The case study takes place on urban roads in Surabaya, Indonesia. In this study, 69 roads of 120 collector roads in 
Surabaya are selected. The final model of this study indicates the relationship between the frequency of motorcycle collision on 
collector roads with explanatory variables which consists of traffic volume, road length, accessibility, road width, number of lanes, 
and traffic speed. Increasing values of explanatory variables in the prediction model lead to increased risk of accidents. These 
findings are expected to be considered in programs planned to reduce motorcycle collision on collector roads in Surabaya and other 
cities. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Road traffic accidents in Indonesia, especially in Surabaya, is high in frequency. It is indicated that most of the 
accidents involve motorcycle. Motorcycle is a type of motor vehicle most frequently involved in an accident than other 
vehicles. In urban areas, traffic accidents also occur on collector roads, in addition to arterial roads [1,2]. 
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In development of an accident prediction model, Generalized Additive Models (GAMs) can be used. These models 
were first developed by Hastie and Tibshirani in 1986 [3]. Unlike other linear models, GAMs are able to describe the 
characteristics of a traffic accident by assuming that relationship between the explanatory variables used is not linear. 
In other words, GAMs have the capability associated with the nonlinear relationship among explanatory variables and 
statistical interpretation of results. In regression analysis, GAMs provide a more flexible functional form than 
Generalized Linear Models (GLMs), which only serve a linear function [4]. 
Accident prediction models are based on the assumption of linear relationship between predictable frequency of 
accidents and some explanatory variables. However in fact this relationship is not necessarily linear. If the relationship 
of variables in the data of traffic accidents is non-linear but it is assumed as linear, then the predictive models resulted 
become less realistic—this is due to the reduced significance of the regression analysis results [5]. 
The application of GAMs on accident prediction models has been introduced by Xie and Zhang (2007). Research 
results show that GAMs provide more accurate results than GLMs. GAMs uses smooth function on several explanatory 
variables, which accommodates a non-linear relationship [6,7]. Smoother is a tool used to summarize the tendency of 
responses as a function of one or more independent variables [3]. 
An accident prediction model to estimate the frequency of motorcycle collision on collector roads needs to be 
developed. An accident prediction model can also be used to identify and determine the relationship among 
explanatory variables that influence accidents, such as traffic volume, road length, number of access points, and traffic 
speed. Therefore, the relationship among explanatory variables needs to be considered in the production of accident 
prediction models. The results of GAMs in the development of accident prediction models are expected to be useful 
in the planning and implementation of programs on road safety. 
2. Methods 
This study uses GAMs with Gaussian distribution and logarithmic link function, as well as application of software 
R in data processing. The case study takes place on urban roads in Surabaya, Indonesia. In this study, 69 roads of 120 
collector roads in Surabaya are selected. 
Data collected include the number of motorcycle collision, traffic volume, road length, number of access points, 
and traffic speed. The motorcycle accident data were obtained from the Traffic Accident Unit at Police Regional 
Directorate of Traffic East Java and Surabaya Police of Indonesian National Police, from 2009 to 2012. Traffic volume 
data; the speed of the vehicle; and collector roads geometric were acquired by Surabaya City Government Agencies, 
include: the Transportation Department, Department of Highways, Urban planning and development Office. 
3. Results and discussions 
3.1. Prediction models 
The results of the accident prediction model employing GAMs approach using Gaussian distribution or normal 
distribution on collector roads in Surabaya can be seen in Figure 1. 
After changing the formula from the initial model, the final GAMs model is obtained. The model has coefficient 
or prediction parameters of Ln_FLOW variables, Ln_LR, AP, RW, LN, and an intercept, as shown in Figure 1. The 
value of the variable s (SPEED, 1779) for a certain SPEED value is shown in Figure 2. The marking (***) indicates 
that a variable has a significance level approaching 0.0. The marking (**) indicates that a variable has a significance 
level of 0.001. 
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Fig. 1. The results of the accident prediction model employing GAMs approach using Gaussian distribution and a smoother for a variable 
Fig. 2. The pattern of non-linear relationship between SPEED variable and s(SPEED) on the final model of accident prediction employing GAMs 
approach using Gaussian distribution 
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The results of the accident prediction model employing GAMs approach using Gaussian distribution or normal 
distribution show six (6) explanatory variables affecting the model, namely FLOW, LR, AP, RW, LN, and s(SPEED). 
Smoothing can only be done to one variable namely s(SPEED). Therefore, the explanatory variables used are traffic 
volume, length and width of roads, accessibility, number of lanes, and traffic speed. This means that these variables 
simultaneously and significantly influence motorcycle collision on collector roads. 
Based on the results of GAMs analyses employing Gaussian distribution or normal distribution, the final model of 
accident prediction on collector roads can be expressed by the following equation: 
 s(SPEED)+ 0.184561 +RW 0.050261 - AP (0.017284 =       Z
EXP LR FLOW 0,00036683 Z0.6850120.468258 MCA
  (1) 
in which: 
MCA = Motorcycle collision annually 
FLOW = Traffic volume (pcu/hour) 
Ln_FLOW = Traffic volume (pcu/hour) in ln 
LR = Length of road (meter) 
AP = Number of access points per kilometer  
SPEED  = Traffic speed 85 percentile (km/hour) 
s(SPEED)  = Smoothing at the traffic speed 85 percentile 
LN  = Number of lanes 
CN  = Number of directions 
RW  = Width of road (meter) 
 
3.2. Model checking 
The examination on goodness of the accident prediction model resulted from GAMs application can be done by 
considering the change in the value of parameters. The results of the examination based on the data constructing the 
model are presented in Table 1. Table 1. shows the R-sq(adj) value, deviance explained (R), GCV score, and AIC 
score. 
 
Table 1. The examination on the final model of accident prediction on collector roads employing  
GAMs approach using Gaussian distribution 
Distribution Type Model of Parameters GAMs Independent Variables 
Gaussian 
R-sq.(adj) 0.994 
LR, SPEED, AP, RW, FLOW, 
 
Deviance explained 99.5% 
GCV score 0.50617 
AIC score 153.5781 
 
Furthermore, examination on goodness of the accident prediction model to validated data by employing RMSE 
(Root mean square error) gives a value of 0.57. This value is obtained using GAMs approach using Gaussian 
distribution or normal distribution on collector roads.  
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In addition, examination on the final model is also done by comparing the fitted model with response, as shown in 
Figure 3. Figure 3 shows that the model is close to in value with the observation data or actual data. The results of the 
final model analysis, which is similar to or close to the value of observation data or actual data, indicate that the model 
created represents the facts happened in the field. 
Fig. 3. Comparison on the observation results with GLMs prediction using Gaussian distribution on collector roads cumulatively 
4. Conclusions  
Based on the afore-mentioned discussion, conclusions can now be drawn: 
1) The final model obtained from the application of GAMs on the accident prediction model on collector 
roads is as follows: 
2) The potential for motorcycle accidents on collector roads that can be explained in the accident prediction 
model is affected by the following factors: traffic volume (FLOW), length of roads (LR), accessibility 
(AP), road width (RW), lane numbers (LN), and traffic speed (SPEED). 
3) The risk of motorcycle accidents on collector roads increases in line with an increase in the variables 
involved, except road width. 
The results of the application of GAMs in the development of the accident prediction model are useful in planning 
and implementation of road safety programs. Thus, the findings of the present study can be used as a reference in 
developing programs aiming at reducing the number of motorcycle accidents on collector roads in Surabaya and other 
cities. 
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